v" The locations of arterial branches crossing the free edge of the tentorium were studied in 16 adult cadavers. Two positional variants of the superior cerebellar artery and four variants of the posterior cerebral artery were identified. The points at risk of compression by different types oftranstentorial brain herniation were defined for both the arterial branches supplying the brain stem and the arterial branches supplying the cerebral hemispheres.
D
ISPLACEMENT of the brain into the tentorial notch is a frequent complication of intracranial space-occupying lesions. For instance, such displacement was observed in more than 50% of patients with supratentorial gliomas in extensive pathological studies by Shamaev)* Various localized circulatory disturbances arise in the cerebral hemispheres and brain stem as a result of compression and stretching of arteries and veins by brain herniation? '5'~ Owing to the variability of positions of arteries crossing the free edge of the tentorium, the location of vascular disturbances in the brain tissue and consequent clinical symptoms may be very different, even in patients with the same type of brain herniation.
In addition to the well-known anatomy of the incisura tentorii region, 7 we studied the arterial branches that cross or pass under the free edge of the tentorium, the variations of their position, and the risk of damage by different forms of transtentorial herniation.
Anatomical Study
The study was performed on 16 adult cadavers. Original techniques were developed in order to examine the region of the incisura tentorii in the same specimen simultaneously from both the supratentorial and the infratentorial sides and to secure the arterial branches (that is, to maintain their position during further manipulation).
After the calvaria was removed, the dura mater was detached from the skull base and cut off at the foramen magnum. The cerebrum was removed from the skull together with the dura. Blood vessels were perfused, first with 10% formalin and then with latex through both the carotid and vertebral arteries. The dura was excised from the brain surface, sparing bands along the transverse and superior petrosal sinuses and the sulcus lateralis ( Fig. 1 left) . The outer walls of the transverse and petrosal sinuses were incised after fixation in formalin for a period of 5 to 7 days, and the tentorium, representing a dural fold, was entirely divided into upper and lower laminae up to its anterior end at its attachment to the anterior and posterior elinoid processes. The midbrain was transected at the level of the incisura tentorii between the superior and inferior eolliculi, preserving the basilar artery. Finally, the lower part of the brain stem and cerebellum covered with the lower lamina of the split tentorium was turned forward (Fig. 1 right) and the incisura tentorii became visible from both below and above. The upper lamina of the tentorium covering the inferior surface of the occipital lobe and the lower lamina covering the upper surface of the cerebellum were seen from the inner side, visualized because of the splitting of the tentorium. Windows were made in the tentorium (Fig. 2) so that the arterial branches crossing the free edge of the tentorium could be traced and identified. The origins and positions FIG. I. Photographs illustrating the stepwise dissection method used to study variant positions of the arteries at the free edge of the tentorium. Left: The dura is detached from the skull, removed together with the brain, then excised from the surface of the brain except for narrow bands along the transverse and superior petrosal sinuses and the sulcus lateralis (arrows). These bands are left intact in order to retain the tentorium in its position. The anterior border of the tentorium (1), which encloses the superior petrosal sinus, is detached from the petrous ridge and cut off from the dura. The anterior end of the tentorium (2), which is attached to the anterior arid posterior clinoid processes, is also cut off from the dura. Right; The same specimen after dividing the midbrain, splitting the tentorium into its upper and lower laminae, and reflecting forward the lower brain stem together with the cerebellum and lower lamina of the tentorium. The free edge of the tentorium is marked by arrows. The anatomy visualized includes: the incisura tentorii (view from below), the midbrain, and parts of the basal surface of the brain (1); the incisura tentorii (view from above), the midbrain, and parts of the cerebellum (2); the upper lamina of the tentorium (3); the lower lamina of the tentorium (4); the posterior border of the tentorium (5), detached from the inner surface of the occipital bone and cut off from the transverse sinus; and the anterior border of the tentorium (6), detached from the petrous ridge and cut off from the superior petrosal sinus. of these arterial branches in the anterior, middle, and posterior incisural spaces were examined and photographed under the microscope.
Results

Superior Cerebellar Artery Variants
Two variants of superior cerebellar artery (SCA) branching were observed: the "medial" and the "mediolateral."
Medial Variant. In the medial variant, found in the majority of the cases, the trunk was situated medially and below the free edge of the tentorium (Fig. 3A) . In this variant, only arterial branches to the cerebellum were compressed by cerebellar herniation into the incisura tentorii (Fig. 4A) .
Mediolateral Variant. In the mediolateral variant, the main trunk or its lateral secondary trunk crossed the free edge of the tentorium in the middle incisural space (Fig. 3B ) then proceeded in a lateral direction, whereas the medial secondary trunk and/or its branches crossed the free edge of the tentorium in the posterior incisural space. In this variant, cerebellar displacement into the incisura tentorii might affect the branches coursing not only to the cerebellum, but also to the brain stem (Fig. 4B) .
Posterior Cerebral Artery Variants
Four positional variants of the posterior cerebral artery (PCA) were noted: the "medial," the "lateral," the "mediolateral," and the "tortuous" (Fig. 5) .
Medial Variant. In the medial variant, the main trunk was situated and sent its cortical branches medially and above the free edge of the tentorium (Figs. 5A and 6A). All cortical branches crossed the free edge of the tentorium and were predisposed to compression by displacement of the temporal lobe into the incisura. The branches to the brain stem were spared, however. This variant of PCA branches was observed in only one of the five hemispheres.
Lateral Variant. In the lateral variant, the main trunk of the PCA crossed the free edge of the tentorium before giving off its cortical branches, which do not suffer from transtentorial herniation unless the main trunk is compressed in the anterior incisural space. When herniation involved the middle and posterior incisural spaces, only the branches to the brain stem were at risk of compression (Figs. 5B and 6B) .
Mediolateral Variant. In the mediolateral variant, the PCA divided into two secondary trunks in the middle incisural space on the lateral surface of the brain stem. The medial secondary trunk sent branches to the brain stem and divided in the incisural space into the parieto-occipital and calcarine arteries, which crossed the free edge of the tentorium (Figs. 5C and 6C) . Herniation in the anterior and middle incisural spaces might cause the lateral trunk of the PCA and its branches, including branches to the brain stem, to be pressed against the free edge of the tentorium. Herniation in the posterior incisural space might cause compression of the parieto-occipital and calcarine arteries as well as the branches to the corpora quadrigemina from the medial and lateral secondary trunks of both the left and right PCA. The mediolateral variant was found in 20% of the cases studied.
Tortuous Variant. In the tortuous variant of the PCA, the main trunk had a variable course in the incisural space and often crossed the free edge of the tentorium several limes (Figs. 5D and 6D) . The main trunk and all of its branches might be compressed by transtentorial herniation following ischemic lesions in the hemisphere and/or the brain stem. This variant was found in 50% of the cadavers studied.
FIG. 7.
Photographs showing tortuous variants of the posterior cerebral artery (PCA) with branches to the brain stem that might be pressed against the free edge of the tentorium (arrows) by herniated parts of the brain. 1 = the calcarine artery; 2 = the pafieto-occipital artery; 3 = the medial posterior choroidal artery; 4 = the secondary trunk of the PCA to the occipital lobe; 5 = the circumflex artery (a branch of the PCA); 6 = branches from the circumflex artery to the brain stem; and 7 = the secondary trunk of the PCA to the temporal lobe.
Discussion
The importance of damage to arteries and veins in the development of focal lesions in brain tissue by transtentorial herniations continues to be debated.~35'o ~0. ~ J Nevertheless, the hypothesis that vascular lesions may result from the occlusion of arteries pressed against the free edge of the lentorium has been confirmed by the fact that the border of an ischemic lesion in the occipital lobe observed in some cases of transtentorial herniation coincides with the edge of territory supplied by the ealcarine artery. ~'6'~~ Transtentorial brain displacement provokes compression and distortion of the SCA and PCA. Our study has revealed two variants of the SCA and four variants of the PCA that differ in the positions of their branches crossing the incisura.
All branches or trunks of the SCA and PCA supplying the cerebral and cerebellar hemispheres (except part of the uncus gyri parahippocampalis and the anterior lobe of the cerebellum) cross the free edge of the tentorium and might be compressed by brain herniation. On the other hand, branches of the SCA and PCA supplying the brain stem might cross the border of the tentorium only if they arise from trunks and branches of the PCA and SCA after the latter have crossed that border (Figs.  4 and 6 ). Only those branches might be pressed against the free edge of the tentorium by the herniated portions of the brain on the side of transtentorial herniation (Fig. 7) . On the opposite side, arteries supplying the brain stem might be pressed against the free edge of the tentorium by the displaced midbrain. In such cases, a groove (Kernohan's notch) occurs on the crus cerebri opposite to the side of the herniation due to compression of the peduncular base against the border of the tentorium. The clinical manifestation of such a midbrain displacement is a hemiparesis on the tumor side. 4 Sequelae of transtentorial herniations vary in accordance with positional variants of the arteries mentioned above. Compression of branches supplying the cerebral hemispheres may occur just as often as compression of branches supplying the brain stem. Although structural and functional disturbances of the brain stem by transtentorial herniation have been reported in detail, ~' 2,5'' j much less attention has been paid to damage to the cerebral hemispheres. 2'6'9 Clearly, the general condition of patients with brain displacement as a rule prevents appropriate clinical examination of cortical functions, including hemianopsia.
Positions of the arteries of the tentorial notch region indicate that impairment of the hemispheres caused by transtentorial brain displacement occurs more often than has formerly been assumed. Early and accurate diagnosis of tentorial herniations may be improved by the use of computerized tomography and magnetic resonance imaging? 2']3 It is probable that surgical treatment of this serious complication will increase in the future and knowledge of variants at risk points (points where arterial branches cross or pass below the free edge of the tentorium) will be useful in establishing surgical approaches to the incisural region.
